Introduction
============

Hypoxia-inducible factor 1 (HIF-1) is a transcription factor and HIF-1α overexpression has been reported in various tumors, such as breast and lung cancer ([@b1-ol-0-0-4751]--[@b3-ol-0-0-4751]). Previous findings revealed that multidrug resistance (MDR) mediated by P-glycoprotein (P-gp) existed universally in human tumor tissues, particularly in non-small cell lung cancer (NSCLC) ([@b4-ol-0-0-4751],[@b5-ol-0-0-4751]).

Human papillomavirus (HPV) is a DNA virus infecting humans and animals effectively and can cause hyperplastic lesions. Recent findings showed that lung cancer patients were also carrying HPV infection, especially HPV 16 and 18 ([@b6-ol-0-0-4751]--[@b8-ol-0-0-4751]). The correlation between HIF-1α and P-gp in lung cancer and HPV infection is a topic that needs more research.

The aim of the present study was to analyze the relevance of NSCLC occurrence and development with HIF-1α and P-gp expression. Additionally, we examined the correlation with HPV infection.

Materials and methods
=====================

### Objects

From January 2012 to May 2014, 72 cases of NSCLC pathologic tissue samples were selected from the study group. The tissues collected from 52 men and 20 women served as the study group. In addition, 54 samples of lung benign lesions were selected to serve as the control group.

In the study group there were 48 cases of squamous carcinoma and 24 cases of adenocarcinoma. Of these, there were 18 cases of high differentiation, 28 cases of moderate differentiation, 26 cases of poor differentiation, 24 cases with lymph node metastasis, 48 patients with no lymph node metastasis, 46 cases with a smoking history, and 26 cases without smoking history. The control group included, 18 cases of pulmonary tuberculosis, 13 cases of inflammatory pseudo-tumor samples, 12 cases of sclerosing hemangioma samples, 7 cases of pulmonary bullae samples, and 4 cases of bronchiectasis samples. A part of each sample was preserved at −20°C, and the remaining samples were fixed with neutral formalin and embedded in paraffin.

Written informed consent was obtained from all the patients. The study was approved by the Medical Ethics Committee of The First People\'s Hospital of Kunsan, Jiangsu University (Jiangsu, China).

### Detection of HPV DNA with PCR

#### Primers

Two pairs of specific primers were designed for HPV types 16 and 18. The HPV 16E6 strands were, sense: 5′-CTGCAAGCAACAGTTACTGCGACG-3′ and antisense, 5′-CATACATCGACCGGTCCACC-3′, with a length of 315 bp. The HPV 18E7 strands were: sense, 5′-GAGCCGAACCACAACGTCAC-3′ and antisense, 5′-GGATGCACACCACGGACACA-3′, with a length of 152 bp.

#### DNA extraction

A proper amount (10 g) of the frozen tissues was used to make single cell suspension by adding extraction buffer. Suspension was placed in a boiling water bath and after 10 min, proteinase K was added for digestion. After the single cell suspension was obtained, it was cooled to 18°C. Phenol chloroform and isoamyl alcohol was used for DNA extraction. Cold ethanol (100%) was used for precipitation and 70% cold ethanol for rinsing. TE buffer (10 mmol/l Tris-HCl, 1 mmol/l EDTA, pH 8.0) was used. The obtained DNA was kept at 4°C ([@b3-ol-0-0-4751]).

#### PCR amplification reaction and conditions

The PCR amplification reaction was determined using, each 25 µl in the system contained 2.5 µl 10X buffer, each 20 pmol/primer with 0.5 µl, 1 µl Taq enzyme (1 U/l), 0.5 µl dNTPs, 16.5 µl deionized water, 1.5 µl Mg^2+^ and 2 µl DNA template. The amplification conditions were: Initial denaturation at 94°C (5 min), followed by cycles of 94°C for 45 sec, 55°C for 45 sec and 72°C for 45 sec. Thirty cycles were used and extension was realized at 72°C for 8 min. For the negative control group PCR without template was performed, and for the positive control SiHa and HeLa cell lines were used. The PCR products were subjected to electrophoresis under 80 V for 40 min using 1.5% agarose gel with ethidium bromide. The gel was examined under a UV transilluminator ([@b9-ol-0-0-4751]).

### Immunohistochemical detection of the expression of HIF-1α and P-gp

#### Reagents and methods

HIF-1α antibody, P-gp antibody and universal SP kit were purchased from Beyotime Biotech., Shanghai, China. Experimental operating was in accordance with the procedure described previously ([@b10-ol-0-0-4751]). Diluted concentration of primary antibodies (mouse anti-human monoclonal antibody against HIF-1α, catalog no. AH339; mouse anti-human monoclonal antibody against HIF-1α, catalog no. AH746) was 1:100. In negative control group, the primary antibody was replaced with PBS.

#### Reference standard

In the HIF-1α-positive standard sample, the nucleus had brown or brownish yellow particles and in the P-gp-positive standard sample, the cytoplasm or cell membrane had brown or brownish yellow particles. The staining results were evaluated by two experienced physicians according to the semi-quantitative scoring system ([@b10-ol-0-0-4751]). Each sample case was observed under high magnification (×400) with five randomly selected fields, and 200 cells were counted in each field. The average value was calculated and the semi-quantitative scoring method was used to evaluate the results using the following scale: negative was considered 0 point; \<25% was 1 point; 25--75% was 2 points; and \>75% was 3 points. The positive intensity standard was: light yellow for weak expression (1 point), brown yellow for moderate intensity expression (2 points), and brown yellow for strong expression (3 points). The multiplication of two integral results was scored as: negative (−) was 0--1 point, weak positive (±) was 2--3 points, moderate positive (+) was 4--6 points, and strong positive (++) was 7--9 points.

#### Statistical analysis

SPSS 20.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. The counting data are presented as a ratio, and the χ^2^ test was used for comparisons among data. The correlation between parameters was detected with the Spearman\'s rank correlation analysis. P≤0.05 was considered to indicate a statistically significant difference.

Results
=======

### Correlation between HIF-1α and P-gp

In the study group, HIF-1α positive expression was mainly observed in the nucleus, and the positive expression rate was 47.2% (34/72). In the control group, benign lung lesions had no positive expression and differences were statistically significant (χ^2^=34.924, P\<0.05). A positive expression of P-gp mainly existed in the cytoplasm or cell membrane and the positive expression rate was 63.9% (46/72), while there was no positive expression of P-gp in the control group. Differences were statistically significant (χ^2^=54.338, P\<0.05). In patients with HIF-1-positive expression, we detected significantly higher P-gp-positive expression rate compared to that in patients with a negative HIF-1α expression. The data were positively correlated (r=0.348, P=0.025\<0.05) ([Table I](#tI-ol-0-0-4751){ref-type="table"}).

### Relationship between HIF-1α and P-gp expression and clinical characteristics

Our results showed that in the study group, the HIF-1α expression was independent of gender, age, smoking and tissue typing. However, the expression was correlated with the differentiation degree and lymph node metastasis. HIF-1α expression in highly differentiated samples was considerably lower than that in the moderate or poorly differentiated samples and the difference was statistically significant (P\<0.05). Additionally, HIF-1α expression in patients with lymph node metastasis was significantly higher than that in those without lymph node metastasis and the difference was statistically significant (P\<0.05). A positive expression of P-gp the in study group was not correlated with gender, age, smoking, differentiation degree or lymph node metastasis. However, it was related to histological type. We observed a significantly higher P-gp expression rate in adenocarcinoma compared with that in squamous carcinoma and the difference was statistically significant (P\<0.05) ([Table II](#tII-ol-0-0-4751){ref-type="table"}).

### PCR detection of HPV DNA and its association with clinical characteristics

In the study group, the detection rate for the HPV DNA was 45.83% (33/72) while this rate for the control group was only 3.70% (2/54). Differences were statistically significant (χ^2^=27.30, P\<0.05). We detected 14 cases of HPV 16 and 19 cases of HPV 18. HPV infection was not associated with gender, age, smoking or histological typing, it was only associated with differentiation degree and lymph node metastasis in the study group. The HPV DNA detection rate in the well-differentiated samples was lower than that in the moderate and poorly differentiated samples and differences were statistically significant (P\<0.05). The HPV DNA detection rate in patients with lymph node metastasis was higher than those without lymph node metastasis and the difference was statistically significant (P\<0.05) ([Table III](#tIII-ol-0-0-4751){ref-type="table"}).

### Correlation between HIF-1α and P-gp expression and HPV infection

The HIF-1α-positive expression rate in the HPV DNA-positive samples was 51.23%, while in the negative samples it was 48.77%. The difference was not statistically significant (P\>0.05). The positive expression rate of P-gp in HPV DNA was 61.23% in the positive samples, and 58.97%, in the negative samples. However, the difference was not statistically significant (P\>0.05).

Discussion
==========

HIF-1 is a heterodimer composed of α and β subunits. HIF-1α is mainly regulated by hypoxia, which is one of the characteristics of internal environment in solid tumors. Results from previous studies ([@b11-ol-0-0-4751]) showed that the HIF-1α level significantly increased in the cell nucleus under hypoxia. It was shown that HIF-1α played an important role in the regulation of many downstream genes that were involved in maintaining the process of tumor blood vessel formation and promoting tumor development. During the course of tumor growth, the formation of some related factors may result in a hypoxic environment, leading to malignant tumor growth, invasion and metastasis, which may create a vicious cycle ([@b12-ol-0-0-4751]).

The results showed that the positive expression rate of HIF-1α in the study group was 47.2%, while there was no positive expression in the control group. These findings showed that HIF-1α was closely associated with the occurrence and development of NSCLC. We showed that the degree of histological differentiation and lymph node metastasis were closely associated with HIF-1α expression. HIF-1α regulated its downstream gene, *VEGF*, and induced lymphangiogenesis. COX-2 upregulation may lead to the enhancement of adhesion ability of tumor cells to matrix. It was shown that the E-cadherin protein expression level was decreased and resulted in the flexible metastasis of tumor cells. The results obtained from previous studies were consistent with our results ([@b13-ol-0-0-4751]). The results showed that a positive expression of HIF-1α in the well-differentiated tumors was lower than that in the moderate and poorly differentiated tumors. We hypothesized that in lower degrees of tumor differentiation, the level of hypoxia was more serious, which caused an increase in HIF-1α-positive expression.

P-gp is a drug efflux pump through which chemotherapy drugs are discharged. It was revealed that due to P-gp action, the intracellular concentration of chemotherapy drugs were ablet to decrease and drug resistance may occur ([@b14-ol-0-0-4751]--[@b16-ol-0-0-4751]). MDR mediated by P-gp was found in various human tumors. Our results showed that while the P-gp positive expression rate in the control group was zero, the rate for the study group was \>63%. Further analyses showed that the P-gp positive expression rate in lung adenocarcinoma was significantly higher than that in lung squamous cell carcinoma. In clinical treatment, chemotherapeutic drug sensitivity of squamous cell carcinoma is higher than that of adenocarcinoma, which indirectly proves this conclusion ([@b17-ol-0-0-4751]). MDR1/P-gp is among the target genes of HIF-1α. There is an HIF-1 binding site on the promoter region of MDR1/P-gp, therefore HIF-1 can induce the MDR1/P-gp expression and positively affect drug resistance. This observation has been confirmed through other studies ([@b18-ol-0-0-4751]). *In vitro* studies showed that the hypoxic microenvironment can increase the expression level of P-gp and HIF-1α ([@b19-ol-0-0-4751]). Our results indicated that in the NSCLC patients with positive HIF-1α expression, the P-gp expression rate was significantly higher than that in the patients with negative HIF-1α and we found a positive correlation between the two factors. It was also shown that HIF-1α was involved in the occurrence and development of NSCLC and the drug resistance of tumor cells with P-gp by enhancing P-gp expression.

HPV infection mainly exists in cervical cancer, however, recent findings showed that lung cancer was closely linked to HPV infection ([@b20-ol-0-0-4751]--[@b22-ol-0-0-4751]). The HPV detection rate in the study group was significantly higher than the control group and the difference was statistically significant (P\<0.05). A possible reason may be that HPV infection was one of the causes of NSCLC. The results indicated that HPV infection was closely related to the histological differentiation degree and lymph node metastasis. The detection rate of HPV DNA in the well-differentiated NSCLC was lower than that in the moderate and poorly differentiated samples. The reason may be explained by the fact that the differentiation maturation cells exit from the cell cycle and have no ability to divide, and only contain a small quantity of viral replication enzymes. The reason may be that HPV E6 plays a role in promoting VEGF expression and angiogenesis, inducing lymphangiogenesis and promoting metastasis similarly to the original oncogenes.

Wild-type p53 protein can reduce HIF-1α activity through the direct inhibition of HIF-1α transcription or promoting HIF-1α ubiquitin-protease degradation mediated by MDM2. Previous findings ([@b13-ol-0-0-4751]) have shown that HPV 16 and 18 type E6 can promote the degradation of wild-type p53. However the results show that a positive expression rate of HIF-1α in patients infected with HPV was higher than in those with no HPV infection. No significant difference was observed in the P-gp expression rates in patients with or without HPV infection, indicating the absence of any significant correlation between HPV infection and P-gp expression.

In conclustion, there was a close relationship between HIF-1α, P-gp and NSCLC occurrence, and development of MDR. In NSCLC, the detection of HIF-1α and P-gp expression can effectively predict the possibility of drug resistance and can be used for evaluation of drug prognosis. HIF-1α can be used as a tumor therapeutic target and blocking HIF-1α can reduce tumor MDR and improve the survival rate.
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###### 

Correlation between HIF-1α and P-gp in NSCLC.

       P-gp                 
  ---- ------ ----- ------- -------
  \+   25       9   3.595   0.017
  −    21     17            

HIF-1α, hypoxia-inducible factor-1α; P-gp, P-glycoprotein; NSCLC, non-small cell lung cancer.

###### 

Association between HIF-1α and P-gp expression and clinical characteristics.

                                HIF-1α       P-gp                                                            
  ------------------------ ---- ------------ ------------ ------- ------- ------------ ------------ -------- -------
  Gender                                                                                                     
    Male                   52   25 (48.07)   27 (51.93)   1.178   0.182   34 (65.38)   18 (32.62)   0.182    0.670
    Female                 20   19 (63.33)   11 (36.67)                   12 (60.00)   8 (40.00)             
  Age (years)                                                                                                
    \<50                   27   12 (44.44)   15 (55.56)   0.049   0.826   15 (55.56)   12 (44.44)   1.300    0.254
    ≥50                    45   24 (47.06)   21 (52.94)                   31 (68.89)   14 (31.11)            
  Smoking                                                                                                    
    Yes                    46   26 (56.52)   20 (43.43)   1.129   0.288   30 (65.22)   16 (34.78)   0.097    0.755
    No                     26   18 (69.23)   8 (30.74)                    16 (61.54)   10 (38.46)            
  Histological type                                                                                          
    Adenocarcinoma         24   16 (66.67)   8 (33.33)    2.309   0.129   22 (91.67)   2 (8.33)     12.040   0.001
    Squamous carcinoma     48   28 (48.28)   30 (51.72)                   24 (50.00)   24(50.00)             
  Differentiation degree                                                                                     
    Well                   18   4 (22.22)    14 (77.78)   6.019   0.014   11 (55.00)   9 (45.00)    0.598    0.439
    Moderate/poor          54   30 (55.56)   24 (44.44)                   35 (64.81)   19 (35.19)            
  Lymph node metastasis                                                                                      
    Yes                    24   17 (70.83)   7 (29.17)    6.250   0.012   18 (75.00)   6 (25.00)    1.926    0.165
    No                     48   19 (39.58)   29 (60.42)                   28 (58.33)   20 (41.67)            

HIF-1α, hypoxia-inducible factor-1α; P-gp, P-glycoprotein.

###### 

Association between HPV and clinical characteristics.

                                HPV DNA                           
  ------------------------ ---- ------------ ------------ ------- -------
  Gender                                                          
    Male                   52   23 (44.23)   29 (55.77)   0.194   0.660
    Female                 20   10 (50.00)   10 (50.00)           
  Age (years)                                                     
    \<50                   27   11 (40.74)   16 (59.26)   0.451   0.502
    ≥50                    45   22 (48.89)   23 (51.11)           
  Smoking                                                         
    Yes                    46   21 (45.65)   25 (54.35)   0.002   0.967
    No                     26   12 (46.15)   14 (53.85)           
  Histological type                                               
    Adenocarcinoma         24   10 (41.67)   14 (58.33)   0.252   0.616
    Squamous carcinoma     48   23 (47.92)   25 (52.08)           
  Differentiation degree                                          
    Well                   18   4 (22.22)    14 (77.78)   4.249   0.039
    Moderate/poor          54   27(50.00)    27 (50.00)           
  Lymph node metastasis                                           
    Yes                    24   15 (62.50)   9 (37.50)    4.028   0.045
    No                     48   18 (37.50)   30 (62.50)           

HPV, human papillomavirus.
